INTRODUCTION
There is a great variety of factors interfering signals in the acquisition of power signals due to the complex environment of power transmission and distribution. It is hard to guarantee the accuracy of measurement because signals contain complex and changeable noises, which is not conductive to the analysis of running state of the system. With the deepening of the smart grid construction, the problem is exacerbated due to wide applications of sensors, measuring instruments and communication equipment. Prompt and accurate acquisition of power signals is an important link of realizing intelligent grid [1] [2] . This puts forward higher requests to the denoising ability of filters. There is still a large room for the improvement of existing filters. Mathematical morphology is widely used in technologies like computer vision, pattern recognition and image denoising. It has also been introduced in onsite sampling of power system data in recent years [3] [4] [5] [6] . Mathematical morphology is only used in time-domain operation and does not need to be converted to the frequency domain. It features simplicity and speediness, the computation results of which have no phase shift and amplitude attenuation.
Being superior to the wavelet analysis theory in terms of most properties, it is applied widely with more and more attentions. It is hard for the traditional mathematical morphological filter to meet the filtering requirements only by choosing structural elements of single shape and size according to a specific noise [7] [8] [9] [10] . But in actual power signals, noises are complicated and changeable. It is difficult for selected structural elements to eliminate new noises effectively when signal noises are changing. In order to solve this problem, the author combines the idea of multi-scale and all-dimensional filter to construct an improved adaptive morphological filter based on multi-structural elements, carries out a simulative analysis, and verifies the availability of the method through the comparison with traditional morphological filters.
FILTERING PRINCIPLE OF MATHEMATICAL MORPHOLOGY

Basic operation
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Erosion and dilation involves only addition and subtraction, which are simple, fast and flexible. Opening operation and closing operation can be obtained through different combinations of erosion and dilation. Formulas are respectively:
Traditional generalized adaptive morphological filter
Based on this, P. Maragos constructed a morphological opening-closing filter and a morphological closing-opening filter with the same structural element [11, 12] , definitions of which are respectively:
It is easy to cause the distortion of signal amplitude when an opening-closing filter or a closing-opening filter is used independently. The combination of the two is normally used in order to improve the filtering effect and reduce the distortion of signal amplitude.
This operation inhibits positive and negative pulse noises of signals. But the contractibility of morphological opening and the expansibility of morphological closing cause filtering signal bias, which is bad for practical applications. The advance operation enlarges the noise to be eliminated by the subsequent operation. It fails to eliminate all noises effectively if the two operations use structural elements of the same dimension. In literature [11] , the author chose structural elements of different dimensions, g1 and g2 (g1 ≤ g2), and constructed a generalized opening-closing and closing-opening filter.
According to the statistical bias problem of traditional morphological filters, the author of literature [13] designed a adaptive weighted morphological filter with the combination of adaptive algorithm. The input signal is f(n)= x(n)+s(n); x(n) is the ideal noise-free signal; s(n) is the noise; y(n) is the output signal after filtering; e(n) is the error signal and e(n)=
the output signal is:
The mean square error of the output signal and the ideal signal is
According to the Least Mean Square (LMS), the iterative formula of the weight coefficient is:
a n a n y n e n    
In the above formula, μ is the step size that controls the convergence rate of the algorithm. Structural elements of traditional generalized adaptive morphological filters are selected in line with the filtering effect of a particular signal. When the signal noise is changed, the selected structural elements can hardly eliminate new noise. Based on this, an improved morphological filter with multi-structural elements is proposed in this paper with the combination of multivariable control idea.
THE IMPROVED ADAPTIVE MORPHOLOG-ICAL FILTER WITH MULTI-STRUCTURAL ELEMENTS
In actual measurement, there are various types of noises with different dimensions. Compositions are complicated. It is difficult to choose a group of structural elements to deal with all kinds of noises. The filtering effect of traditional morphological filters with single group of structural elements decreases especially when noise properties are changed. In order to improve the anti-interference ability of morphological filters, the author starts from the idea of multi-scale all-dimensional filtering and fuzzy multi-variable control algorithm, tries to vertically paral-lelize signals with groups of structural elements of different shapes and dimensions, and conducts a weighted array through the adaptive algorithm so as to achieve a better denoising effect, which adapts to the actual environment with complex noises in power signal acquisition.
If
the adaptive algorithm is then applied in the improved morphological filter with multi-structural elements. As for the filter with structural elements of group h, the output of 2h parallel operations is processed with the adaptive algorithm so as to determine the weighting coefficient of each output. The final output is:
The filtering effect of the output is better after opening-closing and closing-opening operations of multiple groups of structural elements. After the adaptive algorithm, the proportion in final output becomes larger. The generalized morphological filter with multi-structural elements improved from the traditional generalized morphological filter combines structural elements of various shapes and dimensions together. For example, both g11 and g12 are elements of cosine structure yet g21 and g22 are elements of triangular structure. Shapes of g11 and g12 can be also different. For example, g11 is the element of linear structure while g12 is the element of triangular structure. Different noises can be processed by different structural elements, so structural elements of various shapes and dimensions that may have better filtering effect should be taken into account. The structure chart of the multi-structural generalized morphological filter is shown in Figure 1 .
The adaptive algorithm has a high requirement for the step size factor μ. A proper step size factor not only achieves high precision of the algorithm but also guarantees fast convergence. Compared to traditional filters, the computational burden of the morphological filter with multi-structural elements is larger, so the step μ must be considered properly.
Based on this problem, the author of literature [14] constructed a variable step size factor with good performance, proposed a new LMS algorithm of variable step size, and verifies the speediness and accuracy through practical applications. The variable step size is adopted by the improved filter in view of the consistency of the research and the research purpose. 
In the above formula, α and β are adjustment parameters of μ(n). Parameter α has a larger effect on the convergence rate with a better controllability. Combining the structural features of the improved morphological filter, the author of this paper only chooses α as the variable adjusting function shapes, β=1.
Using structural elements of various shapes and dimensions, the generalized morphological filter with multi-structural elements is especially suitable for the processing of power signals with complex noises. Combinations of structural elements with better filtering effect should be adopted in design as far as possible. Compared with traditional morphological filters, it is more widely used and more flexible. The ability of adapting to environmental changes is stronger as well.
SIMULATIVE ANALYSIS
Experimental preparation
High-frequency continuing noise, random noise and sudden impulse noise are common noises in the on-site acquisition of power system data. In this paper, the original noised-signal is the industrial frequency signal of 50Hz mixed with the three kinds of noises. Matlab software is then used to carry out an analysis on the filtering effect of the improved morphological filter and make a comparison with traditional morphological filters. In actual acquisitions, properties of noises contained in power signals sometimes change to a certain extent, testing the filtering ability of the filter. In this paper, the ability of adapting to changing environment of the improved filter is verified through noise types.
In this paper, root-mean-square error (RMSE) and signal to noise ratio (SNR) are taken as evaluation standards to measure the filtering effect. Computational formulas are respectively (18) and (19).
In the above formulas, y(i) is the sampling site of noised-signals; x(i) is the sampling site of desired signals; ps is the signal variance; p is the noise variance. Here, the signal to noise ratio reflects the purity of signals while the root-mean-square error mainly evaluates waveform distortion. The larger the signal to noise ration is, the smaller the root-mean-square error is and the better the filtering effect is.
An analysis on the simulation results of the original noise
The fundamental wave of the signal to be processed is the sinusoidal signal with an amplitude of 1V and a frequency of 50Hz. Three kinds of noises are added on this basis: (1) is satisfied, structural elements with different shapes, lengths and amplitudes are processed. Three groups of structural elements with the optimal filtering effect are then selected. Shapes, sizes, amplitudes and filtering effects are recorded in Table 1 . The original noised-signal and signals processed by traditional filters with the three kinds of structural elements are presented in Figure 2 and Figure 3 .
The improved adaptive morphological filter combines the three groups of structural elements. Filter 1 uses two groups of structural elements, (g11, g12) and (g21, g22). Filter 2 uses (g21, g22) and (g31, g32). Filter 3 uses (g11, g12) and (g31, g32). Filter 4 uses the combination of the three groups of structural elements. The initial step size value of adaptive algorithm of the improved filter μ0=0.1. According to the adjustment, the convergence rate and the accuracy are the optimal when α=2 and β=1. Under the same condition of noise, four filtering effects of the improved morphological filter with multi-structural elements are shown in Figure 4 From the comparison of the signal to noise ratio and the root-mean-square error of the above simulation results, effects of a series of improved adaptive morphological filters with multi-structural elements are better than that of traditional morphological filters with a single group of structural elements. The effect of improved filter 4 with three groups of structural elements is superior to that of the first three filters with two groups of structural elements. Results indicate that, in the improved adaptive filter, the more the good structural elements are, the better the filtering effect is.
An analysis on the simulation results when noises are changed
Keep the fundamental wave unchanged and make appropriate changes to the three noises: (1) 10KHz high-frequency continuing noise with an amplitude of 0.2V; (2) random white noise with a mean value of 0 and a power of 0.03; (3) sudden impulse noise with an amplitude of 1. Signal waveform after the change of noises is shown in Figure 5 . Signals are then respectively processed with the three kinds of traditional morphological filters and the improved filter, simulation results of which are presented in Figure 6 and 7.
The obtained signal to noise ratio and the root-mean-square error are recorded in Table 3 for comparison. It can be seen that the filtering effect of traditional filters decreases obviously when signal noises are changed, which means that traditional filters would enlarge the error if noises are changed in real power signals. The decreasing amplitude of the property of improved filters is smaller than that of traditional filters and the filtering effect is acceptable, which means that morphological filters with multi-structural elements have stronger adaptability. In subsequent experiments, the structural element with the best effect is selected according to several common noises and then merged into improved filters to achieve better effect.
Second simulation results of improved filters
In order to verify the idea of multi-structural elements, a group of structural elements (g41, g42) with better filtering effect are selected after the noise is changed to be combined with the first group of improved filters respectively. Four kinds of new filters are constructed thusly. Filtering results of two noises are shown in Figure 8 , Figure 9 and Table 4 . Results indicate that the filtering effect of the first noise of the improved filter with (g41，g42) has little change but the filtering effect of the second noise is obviously improved, which further verifying that the idea of multi-structural elements is available. However, the computational burden will increase correspondingly when the number of groups of used structural elements is large, having an impact on filtering speed. Therefore, according to the real situation, proper number of groups of structural elements can be selected in the case of guaranteeing accuracy so as to ensure the computation speed. In addition, it can be also improved from the aspect of adaptive algorithm that more suitable compensating factors can be selected or a more effective adaptive algorithm can be used.
CONCLUSION
Through the parallel computation of multi-structural elements and several kinds of adaptive weighting, the author improves the traditional generalized adaptive morphological filter so as to make it adaptable to power signal sampling environment with complex noises. Simulation results prove that the accuracy of the improved filter is higher and the adaptability to noise-changing environment is stronger with flexibility. But the time-validity might decrease if the computational burden increases. Meanwhile, test signals used in the experiment can only represent the most common case. It still needs improvement in real applications.
